Hypotension in cat abdominal viscera, especially the pancreas, produced substantial elevations of arterial pressure and heart rate even in the presence of intact sinoaortic receptors. Elevation of pressure in the distribution of the superior mesenteric artery had the reverse, effect. When viewed in the light of the neurophysiologie data of Gammon and Bronk, it would appear that these sites make a significant contribution to cardiovascular regulation in that species, presumably as a result of impulses arising in abdominal pacinian corpuscles.
T HE contribution of afferent impulses from special sites in the vascular bed to the regulation of arterial pressure has been appreciated with increasing clarity 1 since the observations of Hering-in 1927. The most important of these sites have, of course, been the carotid sinus and aortic arch. This communication describes experiments which suggest that abdominal pressoreeeptors may also be of importance. METHOD After preliminary experimentation with different anesthesias and various technics for producing 'reversible arterial occlusion, experiments were performed on 24 cats. The first 5 of these received ehloralose-urethane (100 nig. and 1,000 mg./Kg.). The remaining 19 were given ehloralose alone (50-60 mg./Kg.). Additional anesthetic was rarely required during the experiment. After making a inidline abdominal incision, silk ligatures were placed loosely around the three small arteries to the head, body and tail of the pancreas (for producing pancreatic hypotension), around the coeliac, superior and inferior mesenteric afteries (for producing generalized visceral hypotension), around both renal arteries, and around both common carotid arteries. The simultaneous interruption of flow in the coeliac, superior mesenteric and inferior mesenteric arteries will be referred to as the combined vascular occlusion. An attempt was made to be as careful as possible to avoid injury to any nerve structures in the vicinity of the arterial dissection. It was felt that these attempts From the Laboratory of Cardiovascular Physiology, Xutiomil Heart Institute, Bethesila, M<1.
Received for publication November 4, 1958. were more successful as additional experience was obtained with the preparation. Kach periarterial ligature was passed through thin polyethylene tubing, the end of which was slightly flared, so that reversible occlusion could be readily produced. Periods of occlusion were usually between 1.5 and 2 min. Bilateral vagotomy was done either at the beginning or during the course of the experiment, after control observations had been made. Arterial pressure was measured in the femoral artery and occasionally also in a peripheral branch of the superior mesenteric artery distal to the point of occlusion of this vessel. In some experiments perfusion of the superior mesenteric artery was carried out, after proximal occlusion, by repeatedly injecting through a catheter 1 or 2 ml. of blood just withdrawn from a femoral artery catheter. Heart rate was recorded with a Water's cardiotachometer. All values were continuously recorded on a multichannel, direct-writing oscillograph. The effect of tctraethylammonium chloride and hexanietlioniuiii chloride on the response to pancreatic and combined arterial occlusion was examined side by side with the effect of these agents on the response to bilateral common carotid artery occlusion. Heparinization, when used, was accomplished by the intravenous injection of 5 to 10 nil. of 1 per cent heparin in Kinger's solution. A heating pad under the animal served to maintain body temperature. In 16 of the 24 eats, a total of between 5 and 30 ml. of 6 per cent dextran in isotonic saline was given intravenously over the course of any given experiment when this was required to maintain the control arterial pressure levels.
The objective of these experiments was to determine the reflex cardiovascular effects of changing the pressure within the blood vessels of abdominal viscera, especially the pancreas. 
RESULTS
The temporary, combined occlusion of the coeliae, superior and inferior mesenteric arteries (combined visceral hypotension) in the cat almost uniformly produced a brisk pressor response. Rarely these responses were as little as 20 mm. Hg., especially when the response to carotid artery occlusion was relatively brisk. More often they were in the vicinity of 85 to 100 mm. Hg. Arterial pressure increments of 125 mm. Hg or greater were not infrequent ( fig. 1 top left). The pressor response to pancreatic arterial occlusion alone (head, body and tail arteries) was generally two-thirds to three quarters of that observed with the combined visceral artery occlusion ( fig. 2 ). Pressor responses of as much as 100 mm. Hg were observed during periods of pancreatic vascular hypotension alone. Occasionally the response to the pancreatic and the combined visceral hypotension were the same.
The time course, magnitude and contour of the pressor response to pancreatic hypotension resembled that observed after common carotid artery occlusion in 2 eats (figs. 1 top right and 4). In the other 22 cats, however, the response to either visceral or pancreatic hypotension was substantially greater than that observed after bilateral carotid occlusion. Figures 2 and 3 show the results of three such comparative experiments. The augmentation of the pressor response to the combined vascular occlusion by preliminary occlusion of both common carotid arteries is also shown in fiigure 3 Bottom.
In one cat before vagotomy the pressor responses to the carotid artery occlusion, the combined occlusion and the pancreatic arterial occlusion were 40, 25 and 20 mm. Hg respectively. After vagotomy the responses were 95, 35 and 30 mm. Hg. After carotid sinus denervation the pressor response to the combined occlusion increased to 100 mm. Hg and the response to pancreatic arterial occlusion rose to 50 mm. Hg. It appeared in this cat, more emphatically than in the others, that the abdominal pressoreceptors were held in check by the sinoaortic sites.
Bilateral vagotomy did not adversely influence the pressor response to either pancreatic or general visceral hypotension. Contrariwise, in those experiments in which a comparison was made immediately before and about 10 min. after vagotomy, the response was intensified by vagus interruption ( fig.  3 Top).
Heart rate was continuously recorded in 17 of the 24 experiments (figs. 2 and 3). The response to pancreatic or visceral hypotension was most often a tachycardia but this did not always occur and in one instance a marked bradycardia was noted. With the vagi intact the heart rate response to pancreatic vascular occlusion was tachycardia in 13, bradycardia in 1, and a mixed reaction with late brady-cardia in 1 (15 experiments). The heart rate response to the combined visceral occlusion was tachycardia in 8, bradycardia in 1 and a mixed reaction with late bradyeardia in 2 (11 experiments) ( fig. 3 Bottom left). After vagotomy was performed, tachycardia was noted in all 8 cats subjected to pancreatic vascular occlusion and in 3 of the 4 cats subjected to the combined vascular occlusion. In the fourth there was no change.
Of the 13 cats which exhibited tachycardia during pancreatic vascular occlusion with the vagi intact, 9 showed rate elevations which were greater than those seen during bilateral common carotid artery occlusion. Of the 8 cats which showed tachycardia during the combined vascular occlusion with the vagi intact, 6 showed rate elevations which were greater than those seen during bilateral com- moil carotid artery occlusion. After vagotomy was performed on the 8 cats in which tachycardia was observed during pancreatic vascular occlusion, 4 showed a greater elevation than during carotid occlusion, in 3 it was less and in 1 it was the same. In all of the 3 cats which showed tachycardia in response to the combined vascular occlusion after vagotomy the elevation after vagotomy was greater than that seen during the carotid occlusion.
These experiments indicated that, while a few cats were carotid sinus-dominant, most were pancreatic or viscero-dominant with the technics of comparison used, since pressor responses of great magnitude occurred in cats with intact carotid sinus or aortic arch receptors, or both, in spite of which a counterbalancing influence from these sites was insufficient to inhibit the observed marked elevations of pressure. It appeared, therefore, that the pancreatic and visceral receptors dominated the reflex regulation of arterial pressure and of heart rate in the majority of the cats and could do so for more than the 1. After obtaining control observations on the pressor responses to carotid and pancreatic hypotension in 1 of the 2 cats in which these responses were comparable, these observations were repeated during the maximum effect following the intravenous administration of 35 mg. of tetraethylammonium chloride ( fig.  4 ). Comparable results were obtained after the intravenous administration of 25 mg. of hexamethoninm chloride.
Although it was thought unlikely that the simple hydrodynamie effect of the imposed arterial occlusions alone could account for the observed pressor responses, especially since pancreatic blood flow must be small, the experimental control of this variable was thought desirable. Figure 5 shows the pressor response to pancreatic arterial occlusion both before and after the response to bilateral renal artery occlusion. Although elevations of arterial pressure greater than those shown in figure 5C Avere occasionally observed after bilateral renal artery occlusion, these were small relative to those seen after pancreatic or visceral arterial occlusion ( fig. 2 ). There was only one response to bilateral renal artery occlusion which was greater than that shown in figure 2. Figure 5 also shows the reproducibility of response obtainable in a steady preparation. This type of data suggested the likelihood that the observed pressor responses are not simply a consequence of some type of local, nonspecific irritation incident to the mechanical arterial occlusion since, if this were the case, greater variability would be expected. This view is further supported by the results of perfusion experiments described below during which the possibilit}' of a local irritative effect resulting from mechanical manipulation was eliminated and those experiments in which the' pressor response to visceral hypotension was maintained for longer periods ( fig. 1 Ruttoin) .
One experiment was done to examine the response to pancreatic vascular occlusion before and after splenectomy. During pan,- creatic vascular hypotension the arterial pressure rose from 110/85 to 165/133 before splenectomy and from 105/81 to 168/136 after spleuectomy. An 8 to 12 beat tachycardia occurred in both instances. Later in the same experiment the entire intestinal tract from pylorus to rectum was rapidly removed (10 min.). The pressor response to pancreatic vascular occlusion was 112/87 to 190/153 before enterectomy and 100/80 to 167/137 after it. Again, a comparable tachycardia occurred in both instances. After subsequent bilateral adrenalectomy 36 min. later, the pressor response changed from 100/80 to 167/137 and became 91/72 to 130/107. These experiments were aimed at examining the reflex effects on arterial pressure of local hypotension in abdominal viscera in general and in the pancreas in particular. Experiments were then designed to examine the reverse, namely, the reflex effects on arterial pressure of local hypertension in abdominal viscera. This was accomplished by first occluding some or all of the vessels to the area under examination which resulted in a re-flexly induced hypertension as shown above; and then (a) injecting a small volume (1 to 2 ml.) of blood forcefully into one of the local visceral arteries, (b) withdrawing the same volume from the femoral artery, and (c) reinjecting it into the visceral artery and then rapidly repeating this sequence until a new plateau of systemic arterial pressure had been reached.
Although it was possible to accomplish this with one of the pancreatic vessels during occlusion of the other two and a reflex hypotension was noted, the distribution and size of the pancreatic vessels made such experiments difficult. This type of experiment was, however, readily accomplished during the perfusion technic in the superior mesenteric artery with the coeliac and inferior mesenteric arteries occluded. The results of 3 representative experiments, of 19 performed in 6 cats are shown in figure 6 . They indicate that the elevation of pressure in the vessels .supplied by the superior mesenteric artery is followed by systemic hypotension. Other experiments were done in which the blood with- drawn from the femoral artery was reiujected into the contralateral femoral vein or artery instead of the superior mesenteric artery. These experiments resulted in only small changes in arterial pressure.
The mesenteric distribution of pacinian corpuscles in the cat is well shown in the study of Gammon and Bronk. 3 Their presence in the pancreas is shown in figure 7 , a photomicrograph of the pancreas of the cat from which the liemodynamic data was obtained for served. This thought is predicated on the coincidence of (a) the observed circulatory responses, (b) the presence in the stimulated vascular area of receptors (pacinian corpuscles) known to be sensitive to distortion, 4 and (c) the observations of Gammon and Bronk 3 ' 3 indicating that these receptors emit a signal quite as appropriate to the mediation of reflex cardiovascular regulation as are the impulses arising from the well-studied receptor sites. The possibility, although an unlikely one, must be admitted that Gammon and Bronk might have been recording impulses from a receptor other than the pacinian corpuscles that stand out so prominently because of their size. Although the fabric of proof cannot be woven solely from these coincidences, it nevertheless appears reasonable to use this assumption as a working approximation. To do otherwise would require the demonstration of the operation in the abdominal vascular bed of receptors whose existence is not as yet suspected.
The corpuscles first noted by Vater in 1741°a nd described in detail by Pacini in 1830 were thought by Thoma in 1884, after he found them in the aortic adventitia, to be related in some way to the regulation of vascular tone. 7 Schumaker, 25 years later, observed that their shape changed with changes in pressure in the mesenteric vascular bed. 8 At about this time Rainer" and Van de Velde 10 and later Collin 11 also viewed the function of these bodies as being in some way connected with vascular tone. Ceelen observed pacinian corpuscles in the pancreas of S9 per cent of post-mortem examinations made in man and. interestingly, gained the impression that they involute with age. 1 -As noted above, Gammon and Bronk*-"' recorded splanchnic action potentials synchronous with arterial systole in the cat and later obtained similar results from the mesenteric pacinian corpuscles.
The}-further observed that, as with the carotid sinus nerve, the over-all discharge frequency correlated with the lowering or elevation of arterial pressure after hemorrhage or infusion. For reasons that are not immediately apparent, they failed to elicit reflex changes of arterial pressure during variations of the pressure with which they perfused the superior mesenteric artery. Although the reader cannot be entirely clear about their experimental conditions, it appears that they did not simultaneously occlude the coeliac and inferior mesenteric arteries, which have substantial collateralization with the superior mesenteric artery, and thus permitted retrograde run-off into these vessels rather than producing substantial pressure changes in the smaller vascular distribution of the perfused superior mesenteric artery. They further described what appear to be preliminary experiments with perfusion of the superior mesenteric artery as a result of which it was suggested that the afferent impulses to the central nervous system arising from the mesenteric pacinian corpuscles might serve to regulate visceral blood flow locally and thus adjust the relative distribution of total blood flow in the organism. Although the experiments and data described here are not consonant with this suggestion of Gammon and Bronk, the parallel which it now appears reasonable to draw between the function of the carotid sinus and that of the abdominal pressoreceptors relies to a considerable extent on the neurophysiologic data obtained by them. Heymans, Bouckaert, Farber and Hsu, 13 and Heymans, Bouckaert and Wierzuchowski 14 studied the possible role of abdominal receptors in circulatory regulation with a variety of cross-circulation experiments in the dog. A recently published assessment of what is apparently their present position on this work summarizes the matter as follows: "It is likely that these mesenteric receptors are concerned with the local distribution of blood in the abdominal viscera. The reflexes which they engender, however, probably contribute ill a minor way to the regulation of cardiovascular activity which is primarily the concern of the sino-aortic reflexes.'"' 1 Other experiments in the dog by Erdinan, Ileye and Jungmanu, 1 "' although aimed primarily at elucidating reflexogenic zones in the abdominal aorta proper, yielded interesting and perhaps pertinent information. They found that varying the perfusion pressure in a recipient dog"s abdominal aorta receiving blood from a douor dog, with or without an intermediate pump, could produce changes in arterial pressure in the supradiaphragmatic half of the recipient dog even though this half was arterially isolated or almost so. Recently Bulekbaeva was able to elicit reflex effects by varying the perfusion pressure of the isolated but still innervated dog pancreas. 10 At this writing a translation of this work is not yet available but from the translated abstract it appears to merit attention:
The reflex effects from the Immorally-isolated pancreas of dogs under morphine-urethan narcosis were studied. Pressure stimulation, from changes in the perfusion pressure, resulted in reflex changes in carotid arterial pressure, in respiratory frequency and depth, and in thoracic duct lymph flow. For 50 observations the carotid pressure was increased in 28, decreased in 4, variable in 1, and unchanged in 17; the respiration was unchanged in 19, the amplitude increased in 15 and decreased in 10, the respiratory frequency depressed in 4, increased in 1, and variable in 1; lymph flow increased in 41, decreased in 5 and was unchanged in 4. There seemed to be no particular correspondence between the various reflx changes. Similarly, chein. stimulation of the pancreas by acetylcholine or insulin produced reflex changes in the carotid pressure, respiration, and lymph flow. Acetylcholine most often produces an increase in arterial pressure, respiration, and lymph flow. Insulin produced an increase of arterial pressure and of lymph flow, but a decrease of amplitude and frequency of respiration. The chemoreceptor reflex changes of lymph flow seemed independent of the arterial pressure changes. 10 The data most relevant to the dog fully available at this time are to be found in the interesting experiments of Bennati and Ghiggino. 17 They were apparently consistently able to produce arterial pressor elevations by the occlusion of various abdominal arteries, notably the superior mesenteric artery. These responses were enhanced by vagotomy and blocked by tetraethylammonium chloride. Although the pressor responses observed (20 mm. Hg) were not as large as those reported for the cat in this study, this is compatible with the observation that the response to bilateral carotid artery occlusion is substantially more emphatic in the dog than in the cat.
Since vagotomy did not abolish or diminish the pressor response to pancreatic or visceral hypotension, the afferent pathway mediating the response must, of cou'se, be sympathetic. There is, however, an unfortunately diffuse anatomic distribution of the receptors suspected of playing a role in the observed reflex responses and therefore also the lack of a single vessel the occlusion of which would alone produce it. Further, a definitive attack on the afferent neuronal pathway is made difficult by the absence of a single and separable nerve structure, the cutting of which would abolish and the stimulation of which would reproduce the physiologic effects under examination. This difficulty is compounded by the configuration of the sympathetics in that the same trunks which contain the afferent fibers mediating this reflex also contain a substantial portion of the efferent fibers which produce the response. Such difficulties were not inherent in the examination of the reflex responses arising in the carotid sinus and aortic arch; this may perhaps at least partially account for their earlier elucidation.
It is nevertheless possible to draw a reasonably convincing parallel between the reflex responses to pressure changes in the carotid sinus and the more diffusely distributed abdominal pressoreceptors. With presently available information this parallel consists of : 1. A lowering of pressure in both produces a reflex arterial hypertension and tachycardia.
2. An elevation of pressure in both produces a reflex arterial hypotension and bradycardia. 3. The reflex responses to pressure changes in both are blocked in parallel by gangl ionic blockade. 4. The action potentials recorded from the afferent fibers of both show a cyclic increase in frequency coincident with arterial sj-stole and an over-all mean frequency which is a function of arterial pressure when this is changed by hemorrhage or infusion.
The observation* that the frequency of discharges from the pacinian corpuscles is directionally opposite to that in the carotid sinus nerve when acetylcholine and adrenalin are given intravenously do not appear to detract from this functional parallel. This does, however, provide ground for the interesting speculation that, whereas the sinoaortic mechanism is pre-arteriolar, the receptors under examination in the above experiments are stimulated at an arteriolar or postarteriolar site.
With some hesitation, it is suggested that in the cat the now venerable receptors in the carotid sinus and aortic arch are dominated with regard to their reflex influence on arterial pressure by this newly described receptor system. No other reasonable interpretation appears consonant with the results observed in the majority of cats in which the pressor response and tachycardia was substantially greater during either pancreatic or abdominal visceral vascular hypotension than during bilatei'al carotid artery occlusion and that intact carotid sinus and/or aortic arch receptors "permitted" elevations of arterial pressure, during periods of visceral hypotension, which were sometimes more than 125 mm. Hg. SUMMARY Twenty-four experiments in anesthetized cats were performed to examine the response of arterial pressure and heart rate to changing vascular pressures in the blood vessels of the abdominal viscera in general and more particularly in the pancreas. The observations indicate that receptors in this area, presumably the pacinian corpuscles, make a significant contribution to cardiovascular regulation. AcKXOWLEDGSIEXT Grateful acknowledgment is made to Mr. Burton Alter and Mr. Joseph A. Miles, Jr., for their technical assistance.
SUMMARIO IX INTBRLINGUA
Esseva effectuate vinti-quatro experimentos in gattos anesthesiate con le objectivo de examinar le responsa del tension arterial e del frequentia cardiac a alterationes del tension vascular in le vasos sanguinee del visceres abdominal in general e del pancreas plus in particular. Le observationes indica que receptores in iste area, presumitemente le corpusculos de Pacini, ha un significative rolo contributori in le regulation cardiovascular.
